Background: The impact of correction of pectus excavatum (PE) on adolescents' health-related quality of life (HRQL) has only been investigated in prospective designs using disease-specific measures and without controls. The aim of this prospective study was to evaluate the HRQL before and after surgical correction of PE using a generic HRQL measure, and to compare the reported level of HRQL before surgery with an age-comparable control group.
Introduction
Pectus excavatum (PE), or funnel chest, is the most common anterior chest wall deformity. It occurs in about one per 3-400 living born males and predominantly affects boys, with a 3-4:1 male dominance. The degree of the deformity varies among patients, but the majority of patients complain of the poor cosmetic appearance caused by the deformed sternum (1, 2) . PE may also impair restrict chest wall movement and impair cardiorespiratory function (3) (4) (5) . Patients report symptoms related to the deformity as exercise intolerance, shortness of breath, and weakness (2, 6, 7) . Previously, it has been stated that the deformity did not cause physiological dysfunction (1, 2) .
However, recent studies have refuted this statement and shown physiological improvement after surgical correction in the form of improved cardiac function (8) (9) (10) , chest wall motion (11) , and lung function (12) . Nonetheless, cosmetic complaints are still the main indication for patients to undergo correction (13) .
Several studies have shown a positive effect on patients' wellbeing after surgery, represented by an increase in selfconfidence, self-esteem and involvement in social activities (14) (15) (16) (17) . Improvement in physical symptoms, increased body image satisfaction, and decreased negative feelings, such as frustration, sadness, and negative social experiences, have been reported in studies, which have all utilized a prospective design and PE-specific measures (15, (18) (19) (20) (21) . In general, disease-specific measures focus on those dimensions that are likely to be affected by a treatment and are more sensitive to treatment-related changes. However, the use of disease-specific measures does not allow a comparison between healthy controls and patients (22, 23) . Two studies have included generic HRQL measures to examine the generic HRQL in patients 1-1.5 years after surgery compared to controls or norm data. These studies showed mixed results with regard to HRQL after surgery, and the impact of the correction of the deformed chest on the patients' HRQL was not clarified as the studies were not prospective in design (17, 24) .
The aim of this prospective study was primarily to evaluate the HRQL before and after surgical correction of PE using a generic HRQL measure. Based on previous research, the hypotheses were that patients would experience an increase in social activities and physical functioning as well as an improvement of self-esteem and emotional wellbeing. Secondly, the aim was to investigate the patients' pre-surgery level of HRQL by comparing their pre-surgery reported level of HRQL with an age-comparable control group.
Methods

Intervention group
The patients were included in the intervention group consecutively. From 2006 to 2008, all children and adolescents who underwent PE correction through a modified Nuss procedure (25, 26) at Aarhus University Hospital and one of their parents were invited to participate in the study. Exclusion criteria were pre-existing chronic diseases and cognitive deficits. Five patients were excluded because of comorbidities (learning difficulties, Asperger syndrome, and heart failure).
None of the invited patients had their bar(s) removed during the study period and the same surgeon conducted all the surgeries. One hundred and seven patients and their parents agreed to participate in the study by completing questionnaires on three occasions: the day before surgery, and 3 and 6 months after surgery. As shown in Figure 1 , 85 patients and parents completed the questionnaires at all three assessment points.
Control group
The control group consisted of 183 children and adolescents from one elementary school and two secondary schools. Schools rated in the municipality as average schools in regards to the children's socioeconomic status were selected. All children at the schools from 4 th to 12 th grade were invited to participate and there were no exclusion criteria enforced for the control group. To match the intervention group, boys aged between 11 and 20 years, and girls aged between 11 and 16 years were included. The control group completed the questionnaire on one occasion in [2007] [2008] , and the testing took place in the classrooms. Two research assistants administered the questionnaires in accordance with a test protocol. The control group data is based on a control sample presented in a previous paper (17) .
Ethical consideration
The Ethical Review Board in Central Denmark Region was consulted. According to the regulations of the Ethical Review Board, questionnaire-based studies do not have to be registered. The project was registered at the Danish Data Protection Agency.
For all participants, written informed consent was obtained from both parents regarding participation of child/ adolescent and one from the participating parent.
Measure
Child health questionnaire
The Child Health Questionnaire (CHQ) is a multi-dimensional generic self-administered measure of HRQL (27) . Table 1 shows the CHQ-CF87 (children form), which consists of 10 multi-item scales and 4 single-item scales, and the CHQ-PF50 (parent form), which consists of 11 multi-item scales and 4 single-item scales. The raw scale score was calculated by computing the mean of the items for each subscale. Scores for each subscale and single items were transformed on a scale from 0 (worst health) to 100 (best health) (except for the "Change in Health" scale which ranges from 1-5).
The validity and reliability of the CHQ have been shown to be acceptable in different samples (28) (29) (30) (31) , including Danish populations (17, 32) . In this study, the Cronbach's alpha internal consistency reliability coefficient was acceptable for the multi-item scales from the CHQ-CF87 (Cronbach's alpha =0.66-0.95) and for the multi-item scales from the CHQ-PF50 (Cronbach's alpha =0.62-1.00), except for the behavior scale from the CHQ-PF50 at both baseline and 3 months follow-up (Cronbach's alpha =0.38 and 0.52, respectively) and the family activities scale at 6 months follow-up from the CHQ-PF50 (Cronbach's alpha =0.57).
Statistical analysis
All statistical analyses were performed using IBM SPSS version 21.0 for Windows (IBM® SPSS®, IBM Corp., Armonk, New York). The alpha level was set at 0.05 for all analyses. In cases of multiple comparisons, Bonferroni corrections were applied to alpha levels in the main analysis. For the CHQ, the substitution of the missing items and the calculation of scores were performed according to the manual of the CHQ (27) . The distribution of all data was analyzed using the Kolmogorov-Smirnov test, which showed that the CHQ scales were non-normally distributed. Associations between patient and parent scores were calculated using Spearman's Rank Order Correlation. Differences between the control and intervention group were analyzed using the chi-square test for categorical variables and Mann-Whitney U test for continuous variables. Cohen's d represents the effect size estimates and was calculated by dividing the mean difference by a pooled standard deviation. A d was categorized as 0.2= small effect, 0.5= moderate effect, and 0.8= large effect (33) . Because of the robustness of the ANOVA to departures from normality, a one-way repeated measures ANOVA was conducted to compare scores of the three time points. Mauchly's test indicated that the assumption of the sphericity had been violated; therefore, the degrees of freedom were corrected using the Greenhouse-Geisser estimates of sphericity. The partial eta-squared value was used as a measure of effect size and categorized as follows: 0.01= small effect, 0.06= medium effect, and 0.14= large effect (33) . Post-hoc tests of differences between the three time points were analyzed using the Wilcoxon Signed Rank test. Both intention-to-treat (ITT) analyses and completecase (CC) analyses were performed when comparing scores from both patients and parents at the three assessment points. The last observation carried forward method was used when data was missing from follow-up assessment. The ITT analyses and CC analyses did not differ with regard to significance level or level of effect size. Therefore, only results from the CC analyses are reported.
Results
Sample characteristics
The number of girls was statistically significantly higher in the control group compared to the intervention group (control: 40% intervention: 13%, χ
2
[1] =23.11, P<0.0001) and therefore, further comparison between the control group and intervention group was divided by gender. No age differences of boys and girls were found between the two groups (Boys: intervention: mean =15.3, SD =1.8, control: mean =15.2, SD =2.6, Z=−0.43, P=0.67. Girls: intervention: mean =13.2, SD =1.9, control: mean =12.6, SD =1.6, Z =−1.05, P=0.29) A significant correlation between the patients' and the parents' rating was found for all comparable scales from CHQ-CF87 and CHQ-PF50 (r=0.27-0.54, P<0.0001, P=0.006).
Comparison of HRQL of the intervention group before surgery and the control group
Due to the difference in gender ratios between the groups, the analyses comparing the control group and intervention group were divided by gender. As shown in Table 2 , the boys in the intervention group rated their HRQL significantly lower than boys from the control group on the following subscales: physical functioning scale, role/social limitations: physical scale, self-esteem scale, and change in health scale. For the behavior scale, boys in the intervention group reported significantly higher scores compared to controls. All significant differences had small to moderate effect sizes (range: 0.25-0.72). To reduce the risk of type I errors due to multiple comparisons, Bonferroni corrections were conducted, showing that the physical functioning scale and change in health scale remained statistically significant. No statistically significant differences were found between the girls in the intervention and control groups ( Table 3) .
Changes in HRQL scores from baseline to follow-up for the intervention group
The patients' ratings of their HRQL at the three time points are shown in Table 4 . A significant effect of time was found in 9 out of 14 of the CHQ-CF87 scales: physical functioning scale, role/social limitations: emotional, physical, behavioral scales, behavior scale, mental health scale, self-esteem scale, family activities scale, and change in health scale with a moderate-to-large range in effect sizes. A significant time effect was found for parents' rating of their child's HRQL in 10 out of 15 of the CHQ-PF50 scales: physical functioning scale, role/social limitationsemotional/ behavioral, physical scales, bodily pain scale, mental health scale, self-esteem scale, family activities scale, emotional impact on parents scale, family cohesion scale, and change in health scale with a moderate-to-large range in effect sizes ( Table 5 ).
The post-hoc analysis showed that for both patients and their parents, the significant improvement of scores in the CHQ scales was primarily found from pre-surgery to follow-up. For the physical functioning scale, a significant improvement was found between each of the time points for both parents and patients.
Discussion
In this study, the patients' HRQL was evaluated prospectively using a generic measure. The patients' levels of HRQL before surgery were compared to an age-comparable control sample to assess whether they were comparable.
Before surgery, boys reported lower self-esteem, greater physical limitations and limited social activities due to health problems than did controls. However, the effect sizes were low and when the statistical significance level was adjusted for multiple comparisons, only the difference in physical functioning remained significant, with a medium effect size.
Our findings are comparable to a study by Steinmann et al. [2011] that included young adults, who also reported more physical difficulties compared to controls (7) . Recent studies have shown that patients with PE have impaired cardiorespiratory function compared to control group (3) (4) (5) . The impact of these reduced physiological functions is not fully established; however, they may account for the presence and extent of physical limitations reported by patients.
Previous research has shown that PE correction does have a positive impact on the patients' disease-specific HRQL (15, (18) (19) (20) (21) . In particular, the use of disease-specific measures increases the likelihood of showing the effect of PE correction (22, 23) . Simultaneously however, the effect identified with disease-specific measures will not detect changes during the intervention in other areas not directly related to the disease. This may present as a potential bias in reporting, as the disease-specific measures only provide specific information about the effect of the intervention, preventing comparisons to other clinical samples or healthy peers.
In the present study, patients as well as parents reported improved emotional wellbeing and self-esteem, in addition to increased in physical and social activities at both 3 ii , adjusted for multiple comparisons using Bonferroni correction.
and 6 months postoperatively on a generic HRQL measure. Thus, along with previous prospective studies (15, (18) (19) (20) (21) , this study highlights the positive effects that the PE correction can have on the patients and their families. The parents reported a reduction in their own level of distress due to the child's condition as well as increased family cohesion following surgery. There is a strong association between the ratings of HRQL by the patient and their parent, and both informants reported improvement in the same HRQL domains postoperatively. Interestingly, however, while the parents rated a reduction in frequency and intensity of their child's pain after the surgery, this was not supported by their child's own rating. Due to the subjective nature of pain, it is difficult to obtain a valid proxy-reported pain assessment (34) . From the age of 5 years, children with a normal intellectual development have been shown to be capable of assessing their own pain level (35) , and self-reported pain assessment by the child is therefore preferred over proxy-reported pain assessment.
It should be noted that patients reported an improvement in their behavior, which was not noticed by their parents. This difference may be due to the design of the behavior scale in the CHQ-PF50 compared to the behavior scale in the CHQ-CF87. In the parent form, the behavior scale has fewer items and all included items are related to behavior linked to more severe conduct problems. A low proxyreported score on the behavior scale will reflect severe problematic behavior, which is not present in the majority of children. Therefore, most parents assessed their child's behavior to be non-problematic. The child form, on the other hand, includes items related to more common problematic behaviors. Therefore, compared to the child's self-report, parents may tend to rate the child's behavior as less problematic and more positively on the behavior scale. This makes behavioral improvements difficult to detect, when the baseline scores are close to the ceiling of the scale. In a previous study, we found the same pattern, where parents scored their child higher on the behavior scale compared to the child's self-reported score (17) .
Both patients and parents reported a significant improvement in the patient's physical function at each time point after the correction. The influence of these postoperative physiological improvements on the patient's everyday life was not established. A study by O'Keefe et al. [2013] investigating cardiopulmonary effect of PE correction showed that the improvement in appearance and self-perceived well being was found to have a greater impact compared to the improvement in pulmonary and aerobic exercise function (36) .
The improvement of the patients' HRQL after surgery highlights the psychological implications of the deformity. However, after Bonferroni corrections, the patients' presurgical HRQL was comparable to that of their peers on all other aspects of HRQL than physical functioning. This is in accordance with the study by Steinmann et al. (2011) in which no difference was found between young adults with PE and controls with regard to mental quality of life domains (7) . Thus, compared to healthy peers, the generic HRQL of patients before surgery does not seem to be affected, and therefore low level of HRQL, as defined by the domains in generic measures, can be questioned as an argument for correction. More studies addressing the presurgical wellbeing of the patients compared to peers are necessary to establish the impact of the deformity on the patients' wellbeing.
Before correction of the PE, patients mainly complained about the cosmetic aspect of the deformity and major concerns with body image (13) . Body image was not included as a separate measure in our study, but was included as an item in the self-esteem scale along with other items not related to body image perception. As stated previously, the self-esteem scale did not differ across the groups in our study. However, due to the diversity of items in the self-esteem scale, the scale is only partially related to body image perception and a difference in some of the items included in the scale may not be detectable when looking at the whole scale. Body image has been found to be highly disturbed in patients with PE compared to controls in a previous study (7) . It is hypothesized that an improvement in body image is related to an improvement in HRQL following surgery (24) . We recommend that future studies include specific body-image measures to assess the patient's perception of his/her body image prior to surgery, and examine the link between body image and HRQL in order to determine which factor may contribute to improved HRQL after surgery.
The present study has several limitations. Firstly, the gender distribution was mostly male-dominated. There were only a few girls in the intervention group, and this may have affected the ability to detect statistically significant differences between girls in the intervention group versus controls. Secondly, approximately two thirds of all eligible patients participated in the study. This moderate response rate may have had an impact on the generalizability of the results to all patients who underwent surgery for PE at the hospital. Furthermore, one fifth of the participants included at baseline failed to return the questionnaires at the followup assessments. However, the results from the ITT analysis did not differ from the CC analysis, indicating that the missing data did not have a significant impact on the results of the study. Thirdly, the control sample only assessed their HRQL on one occasion. A follow-up assessment in the control group would have provided greater information on the stability of HRQL in adolescents as well as the testretest reliability of the measure. Test-retest analysis has only been conducted in a few samples using the CHQ. For the CHQ-PF50 and the CHQ-CF87, the test-retest showed few scales with low reproducibility (28, 37, 38) but the average retest score for the CHQ-CF87 was higher for five scales (28) , indicating that some of the improvements in the CHQ scores in the intervention group may be due to measurement error. Furthermore, in a previous study, which included this control group, patients reported higher HRQL on all parameters after the surgery (17) . This is incongruous with another study comparing patients after PE correction with norm samples (24) . These results question the representation of the control sample included in this study. However, a descriptive comparison of the child-reported control group data from this study with norm samples did not suggest a deviation from the norm (28, 30) . Finally, the control group was comparable to the intervention group regarding the age-range for both genders. However, due to the size of the groups, it was not possible to have a matched case-control design based on the participant's age and gender, which would have been ideal.
To the best of our knowledge, this study is the first to investigate the effect of the PE correction on the patients' HRQL using generic measures, and to compare the presurgery HRQL with controls in a sample of adolescents. The improvement of both physical and psychosocial HRQL reported by both patients and their parents as proxy emphasized the psychological implications of the deformity. Even though there were few pre-surgery differences between patients and controls, the improvements of the patients' HRQL after the correction may justify the correction. The effect of the deformity on patients' wellbeing compared to controls needs to be addressed in further studies.
